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@ Method of 



of cells and the 6ksv and microspheres for use therein. 



© Magneticalry-fesporisrve microspheres having Protein A 
associated with the outer surfaces thereof are reacted wtth 
antibodies so »~*T the celts, bacteria, or viruses to be 
separated rrom a mixed popular 



oriented relatio n ***** ^ «*»™*frfl eutweroly. 

and the microspheres ar« then used m a magnetic separation 
procedure. Th e preferred microspheres are prepared fronVa 
mixture of afeumia Protein A. and magnetic partides, the 
microspheres being prepared so that the Protein A is present 
in the exterior surfaces for antibody binding. 
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HSTHOD OF MAGNETIC SEPARATION OF* CELLS AND THE 

LIKE, AND MICROSPHERES FOR OSE THEREIN 
• This invention relates to the fractionation of 
heterogeneous populations of cells or the like to isolate 
a relatively homogeneous sub-population of a specific cell 
tyoe. Mora specifically r the improvement of this invention 
relates to magnetic sorting of cells, bacteria, or viruses. 

A general procedure for magnetic sorting of cells, 
bacteria, and viruses is disclosed in United States patent 
3,970,518, issued July 20, 1976. In that procedure, uncoated 
particles of a magnetic material, such as iron oxide, are 
contacted with a high concentration liquid dispersion of the 
selective antibody, and after sufficient antibody has adhered 
to the magnetic particles, the coated particles are contacted . 
with the mixed population to be fractionated, the select cell 
or the like binding to* the magnetic particles, and the bound 
cells are then separated magnetically from the remainder of 
the population- As a further step, the select cells may be 
separated from the magnetic material, by the use of a cleaving 
agent solution and magnetic removal of the magnetic particles. 

While there are literature reports describing the use 
of magnetic microspheres in cell sorting, there is no literature 
verification that uncoated magnetic particles can be made to 
effectively bind with antibodies. In the published procedures, 
the particles of magnetic material are contained in microspheres 
formed from polymers, which can be chemically coupled to anti- 
bodies. See, for example: Molday et al, Nature , 268 , 437 
(1977) : Kronick et al. Science , 200 , 1074 (1978) ; and Antoine 
ct a i, immunochemistrv , 15^, 443 (1978). These references 
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describe magnetically-responsive microspheres formed from 
acrylete polymers, such as hydroxyethyi nethecryiate, or 
polyacrylamide-agaxose microspheres. Such microspheres can 
be chemically coupred to antibodies with glutaralcehyde or 
other di-aldehyde/ As described by the cited Holday (1377) 
and Xoraick references, one procedure involves the chemical 
attachment of diaainoheptane spacer groups to the microspheres, 
. which are then chemically linked to the antibodies bv 

glutaraldehyda reaction. *i*ho«gh .effective bonding of;tae 
^antibodies can .be, obtained, such procedures ere difficult, "since 
£ aggregation of microspheres can readily -occur and the prepara- 
tive procedure is time consuming. For example, the reaction 
to attach spacer groups may require from<rfive-to twelve hours, 
of chemical reaction time, and subsequent dialysis to remove 
the excess reagent. The coupling of the antibodies may then 
require another twelve to twenty-four hours followed by dialysis ' 
to remove excess coupling agent. Further, such antibody reagents 
may not be used efficiently, since an excess of the antibodies 
will usually need to be present during the chemical coupling. 

Another disadvantage of magnetic particle or microsphere 
separation methods as described in the art is that the anti- 
bodies are attached to the microspheres in a random manner. 
Antigen-binding occurs through the ?ab regions of the antibodies 
which are in the outer portions cf the arms. -*i<th-randra . 
*«!Cehoent-of -the-antibodies ,-cne-or^>oth *oi «the ^ab-aras^rfnay 
^be-cna vfl » nh, \ e Jto^nxigen-btnding.. Thus, an excess or antibody 
must be used to assure that the coated microspheres effectively 
bind to the antigens associated with the cells or other bodies 
being sorred. 
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The present invention utilises staphylococcal Protein A 
to overcome the limitations of prior art magnetic sorting pro- 
cedures, as described above, it is known that staphylococcal 
Protein A selectively binds to antibodies through the J c region 
of the antibodies, which is located in the tail portions of the 
antibodies remote from the Pab arms. See Forsgren et al, 
J. Immunol. , -99. 19 (19*7) . Heretofore.* however, this property 
o£ Protein A has not been utilized to for* magnetic microspheres. 
Protein A has been coupled to Sepharose beads (cross-linked 
agarose gels) to provide a column material with immunogiobulia- 
biading properties. The column may be used for affinity chroma- 
tography, for- example, of the IgG fraction of serum. Such 
chromatographic column materials are commercially available. 

Protein A has also been used in procedures for cell ' 
separation by density gradient centrifugation! See, for 
example, Ghetie et al, Scand. J. lanital . . 4, 471 (1975). \n 
a typical procedure, sheep erythrocytes are coated with Protein" 
A by CrCl 3 coupling, and the coated erythrocytes are then con- 
tacted with mouse lymphocytes which have been previously reacted 
with antibodies to prepare the cell surfaces for binding to 
Protein A, thereby resulting in resetting of the lymphocytes 
around the erythrocytes. The resulting rosetted cells are 
recovered by density gradient centrifugation. 

In accordance with the present invention, as distinguished 
from prior art procedures, magnetically-responsive microspheres 
are prepared having Protein A associated with the surfaces thereof 
and the resulting microspheres" are first reacted with the select 
antibodies before the microspheres are used for cell separation 
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With zhe ricrcspheres used in the method of this invention the 
antibodies are thereby arranged in oriented attachment on their 
outer surfaces with the Fab arms of the antibodies extending 
outwardly. The effectiveness of the microspheres for antigen 
binding and use in magnetic sorting procedures is thereby 
maximized. «Chis greatly increases the efficiency with which 
s the select antibodies may be used. Further, it eliminates the 
need for chemical coupling of the antibodies. 

In a preferred embodiment , the microspheres are prepared 
by nixing Protein A with a polymer matrix material which does 
not mask the antibody-binding sites of the Protein A* The 
resulting microspheres having the Protein- A in the outer 
surfaces thereof do not require chemical coupling of the 
Protein A to preformed microspheres. Albumin appears to be 
a particularly suitable matrix material for preparing - such 
microspheres. When the microspheres are formed from an aqueous 
admixture of albumin, Protein A, and magnetic particles, the 
Protein A is effectively available in the outer surfaces of 
the microspheres, in effect, forming surface layers on the 
microspheres with the Protein A in high concentration. The 
explanation for this result is not fully understood, but 
appears to relate to the wetting agent or surface tension 
properties of' Protein A when dispersed in an aqueous solution 
in admixture with albumin. 

Thus the present invention comprises a method for 
-separation of a select population of cells, bacteria, or 
viruses from a mixed population thereof, in which the micro- 
spheres containing magnetic particles are coated with a layer 
of antibodies which selectively bind to the select population. 
The coated microspheres are contacted ( j^^Gs ruS^Jr^i^r>^) 



CM 6552 

-5- 

wizh the mixed population, and the bound select population is 
x-agnetically separated from the rest of the mixed population. 
The meT-hod improvement is characterized by modifying the surfaces 
of the microspheres prior to coating them with antibodies to 
provide staphylococcal Protein A distributed thereover in 
adherent: relation to the microspheres . The microspheres are 
then contacted with antibodies which bind the Protein A and 
which also bind selectively to the select population. By this 
* means the antibodies are arranged in oriented attachment on 
the surfaces of the microspheres with their Fab arms extending 
outwardly. Thereafter, the rest of the steps of the magnetic 
separation are carried out, as is known in the art. Preferably, 
the microspheres are formed of a polymer matrix material in 
admixture with the magnetic particles and Protein A, such as 
an albumin matrix material in an amount of 100 parts per 5 to 
40 parts of Protein A. Alternatively, however, the Protein A 
may be chemically-bonded to the exterior surfaces of the 
microspheres to provide a Protein A coating thereon. 

Where chemical coupling procedures are used, the micro- 
spheres may be formed from any matrix material which can be 
chemically coupled to Protein A, including albumin or other 
amino acid polymer, and synthetic polymers, such as acryiate 
polymers. For example, the microspheres may be formed from 
methyl me th aery late, hydroxy ethyl methacryiate , methacryiic 
acid, ethylene glycol dime thacry late, agarose polymers, poly- 
acrylamide polymers, or mixtures of such polymers. Protein A 
may be directly coupled to solid support surfaces containing 
magnetically responsive materials by several procedures. See, 
for example, Molday et al, J . Cell Biol'ocv , 64 , 75 (1975) 
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Micrcspheres .can be derivatized with either aninocaproic acid 
or diaainoheptane which provide extended functional groups 
for coupling proteins to insoiubilized matrixes. Alternatively, 
with solid surfaces already containing functionally available 
groups (i.e. amino groups on albumin microspheres) a direct 
glutar aldehyde coupling of Protein A may be accomplished. 

An' alternate preferred procedure is to incorporate the 
Protein A in the miprospheres by admixing it with the matrix 
material prior to the formation of the microspheres, and carrying 
out the. preparation so that the Protein A is available in the 
outer surfaces of the microspheres. Suitable procedures for 
preparing such microspheres will therefore be described, but 
it should be .understood that, the present invention in its broad 
method aspect is* not limited to the use of such preferred 
microspheres . 

Tor use in the present invention, the Protein A can be 
prepared from Staphylococcus aureus by procedures described in 
the literature. See, for example, Forsgren et .al, J . Imncn . , 
57, 822 {1966); and* Kronvall et al, Imnmochemistry, 2' 124 
(1970) . Staphylococcal Prctein A is also available f rom cossnsr* * 
cial sources, such as Pharmacia Fine Chemicals, Fiscatavay, New 
Jersey . 

*Che«gxef ftrred*4natrjX'*material for forming the microspheres 
iby^daixjEur e^^th ^ro i n *A-is an ' amino acid polymer, -*such^as 
€*3mn52i'* Animal or human albumin may be used, for example, 
human seruir. albumin. Other water-soluble proteins can be used 
such as hemoglobin, or synthetic amino acid polymers including 
poly-L- lysine and poly-L-glutamic acid. 
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When whe Protein A is premixed with the matrix p lvmer, 
end zhe microspheres f rated therefrom, sufficient Protein A 
should be included so that the outer surfaces of che microspheres 
will bind antibodies through the selective action of the Protein A 
In general, the microspheres may contain from 2 to 40 parts by 
veight of Protein A per 100 parts of the matrix polymer such 
as albumin. Preferred proportions are from about 10 to 35 pares 
of the Protein A per 100 parts of the matrix polymer. 

•A sufficient amount of finely-divided particles of a 
magnetic material should also be included so that the micro- 
spheres are magnetically-responsive. For example, the magnetic 
particles may be ferri- or ferro-magnetic compounds, such as 
magnetic iron oxides. Other useable magnetic materials in 
particulate £ orm axe disclosed in U.S. patent 3,570,518. A 
^preferred magnet ic material is magnetite (Fe^O^) Depending 
on the size of the microspheres, the magnetic particles may 
range in size from 100 to 20,000 Angstroms. The microspheres 
may contain from 10 to 150 parts by weight of the magnetic 
material per 100 parts of the matrix polymer. The microspheres 
• may range in size from 0.2 to 100 microns in diameter. Pre- * 
ferably, however, the microspheres have an average size in the 
range from about 0.5 to 2.0 microns. Kith microspheres in this 
size range, it is preferred that the magnetic particles have 
diameters of not over 300 Angstroms, such as an average size 
of about 100 Angstroms. 

The procedure previously published for preparing albumin 
microspheres can be used. Widder et ai, J. Pharm. Sci. . 53, 
79 (1979). The preferred procedure is the one described for 
the heat-stabilized microspheres. In general, an aqueous mixture 
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cental- _-c the. albumin cr oiher hydrocoilcid matrix polymer. 
Protein A, and the magnetic particles. * The solid materials 
are dispersed in water and thoroughly nixed therewith, fcr 
exarsple, using 20 to 40 parzs of total solids per 100 parts 
of water. Sufficient water should be present to form an aqueous 
eel with the matrix hydrocolloid. In general, the amount of 
water may range fro© 10 to 60 parrs per 100 parts of total solids. 
The aqueous nix is then emulsified with an oil, such as a vege- 
table oil, the emulsification. being carried out with vigorous 
agitation, for example, using soni cation, to obtain a droplet 
dispersion of the aqueous mix in the Vegetable oil having the 
requisite droplet size to form the microspheres. Preferably, 
the emulsification is carried out* at low temperatures, such as 
temperatures in the range of 20 to 30 c C. After the emulsion 
has been formed, the emulsion is added to a larger body of oil, 
which is preferably the same oil used to form the emulsion. 
In practice, cottonseed oil gives good results. To promote 
the separation of the water droplets, the emulsion can be 
added in small increments to the oil bath, such as by cropvise 
addition. Preferably, also, the addition is accompanied by 
rapid stirring of the oil into which the emulsion is being 
introduced. 

For purpose of the present invention, the droplets may 
be heat-hardened to stabilize them and thereby provide the 
microspheres. This can be conveniently accomplished by using 
a heated oil bath, that is, by dispersing the emulsion into 
hot oil, such as oil at a tanperature in the range of 70 to 
160°C. The effect of hear stabilization or. albumin microspheres 
is described ir. Gnited Stares parent 3,537,656, issued February 1C , 
1976. 

After the heat-hardeninc, the prepared microspheres are 
separated from the oil. This nay be accomplished by centrif ucatic: 
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or filtration, and the microspheres washed with a suitable 

rganic solvent, such as diethyl ether, to rem ve the oil from 
the exterior surfaces of the nicrospheres. The microspheres 
ere then ready for reaction with a specific antibody, such as 
an antibody prepared in' rabbits. Such rabbit immunoglobulins 
which bind to Protein A include all subclasses of IgG. However, 
^antibodies prepared from other sources can be used, providing they 
also bind to Protein A. Usually, the antibodies will be applied 
to the microspheres in aqueous suspension. The concentration of 
the antibodies may be low, since the Protein A will remove the 
antibodies from the treating solution -even at low concentrations. 
As previously described, the binding is through the ?c region 
of the antibodies, thereby providing for an oriented attachment 
of the antibodies with the antigen-binding Fab arms extending 
outwardly from the outer surfaces of the microspheres. The 
microspheres are then ready for use in magnetic cell separation, 
as previously described in the literat\ire. 

The magnetic sorting method of this invention and the 
preferred microspheres for use therein are further described 
and illustrated in the following specific examples. For 
conciseness of description, the examples use certain abbrevia- 
tions, which have the following meanings: 

SpA: Staphylococcal Protein A 

FITC: flurocein isothiocyanate 

CR3C: chicken red blood cell 

S?3C: sheep red blood cell 

R3C: ' red blood cell 

?CS: fetal calf serum 

K2SS: Hank's balanced saline solution 

EDC: carbociisiide: 1-cycl hexyl- 3- ;2- 

mcrplnciir.yl- ( 4) -erhyi-carbodiiir-ice ^ 
rapthotcluene sulohonare) /fig 
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EXAKPLE J 



Magnetic albumin microspheres containing staphylococcal 
Protein A (S?A> as part of the matrix were prepared by an 
emulsion polymerization method. A 0.5 ml aqueous suspension con- 
taining a total of 190 mg dry material was mace consisting of 
66% human serum albumin, 19 i Fe.^ (particles 15-20 nm) and 15% 
S?A. To this, 60 ml of cottonseed oil was added and the 
emulsion was homogenized by sonicetion for one minute. The 
homogeaate was added dropwise to 200 ml of constantly stirred 
cottonseed oil at 120 to 125 «C for 10 minutes.. She suspension 
was washed four times in diethyl ether by centrifugation for 
15 minutes at 2000 xg and stored at 4«C until subsequent use. 
A sample ox microspheres were coupled with FITC-conjugated 
. rabbit IgG by incubation at 37 »C for 20 minutes, and examinee 
for surface fluorescence with a fluorescent microscope. - The 
intensity and apparent uniform distribution of fluorescence 
indicated that SpA was oriented on the microsphere surface 
in a manner that allowed IgG molecules to interact vith the 
Fc binding sites on the SpA. 

EXAMPLE II 

Microspheres prepared as described in Example I were 
used to separate CR3C from suspensions containing both CR3C 
and SRBC. Alicuots of CR3C and SH3C were labeled with S1 Cr 
in order to assess extent of separation as well as cell 
integrity. Labeling of CRSC was accompli shed by incubating 
1 x 10 8 CRBC suspended in 0.2 ml Hanks balanced salt solution 
(EBSS) containing 2.5% heat inactivated fetal calf serum (FCS) 
with lOO^Ci Na 2 51 Cr0 4 (1 mCi/ml) for 90 minutes at 37»C. 
SHBC were labeled by sirailar treatment with the exception of - 



C0 1*552 

-n- 

oicros?heres-by incubating O.Smg of the microspheres suspended 
in 0.2 ml of 0.9% NaCI solution containing 0.1% Tween 80 ^^ifHf 
(saline-Tween 80) vith either 0.5 mg rabbit anti-chicken R3C 
(IgG fraction) or 0.5 mg normal rabbit IgG for 45 minutes at 
37 °C. Unbound IcG was removed by centrifugation with excess 
saline-Tween 80 at 1500 xg for two minutes at 4»C. Microspheres 
were then resuspended in 0.2 ml saline-Tween 80 by briefly 
sonicating in an ultrasonic waterbath. To this suspension, 
a mixture of 1 x 10 6 C3BC and 1 x 10 6 SRBC in 0.2 al of BBSS 
was added. The cells were then incubated with -the IgG-coated 
microspheres for 30 minutes at 37 «C with mild agitation. Cells 
bearing adherens magnetic microspheres were removed from sus- 
pension by applying a 4000 gauss (gradient - 1500 gauss/cm) bar 
magnet to the- side of each test tube for one minute. «oth 
rfsuperaatast and pellet fractions were counted in a Secxman 
-Mode 1^8000 gamma counter for ^Cj?!**Control -labeled -cells, 

^cuba^c^a.^alijxe^een.JO,^re.^ounted^for^Acr-.,to^assess 
•spontaneous release . 

Based on 51 Cr counts, it was found that when 1 x lo 6 51 cr 
C53C in combination with 1 x 10 6 SRBC were incubated with 0.5 
mg microspheres bearing ar.ti-CSBC antibodies, 97. 8% of the labeled ' 
cells were magnetically removed from suspension. Hsmocytoineter 
counts of erythrocytes in the supernatant revealed only o!26% 
residual CR3C among the remaining SRBC. Using this method of 
cell separation, a population of SRBC which was 97-99% homogeneous 
was generated with 90.5% recovery of the starting SRBC mass. The 
non-specific adherence of S1 Cr CRBC was tested while using 
microspheres bearing anti-SRSC and normal rabbit IgG respectively, 
and found to be <10%. 
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EXAMPLE III 

Microspheres prepared as described in Example I were 
usee to. fractionate Lewis rat splenocytes. Based on the 
presence or absence of surface immunoglobulins, it is possible 
to distinguish between thymus-derived T lymphocytes and bone- 
marrow derived 3 lymphocytes. Normal non-IgG bearing spleno- 
cytes, considered to be predominantly T lymphocytes, were 
purified by incubating splenocytes with microspheres containing 
rabbit anti-rat IgG. 

A cellular suspension of spleen cells was obtained by 
teasing rat spleen on a metal screen in fiSSS with 10% heat 
inactivated FCS. The cells were washed three times and over- 
layered on Ficoll-Hypaque (specific gravity 1.072). The gradient 
was then centrifuged at 1200 xg for 25 minutes at 25°C, to 
eliminate dead cells and red blood cells. The resultant inter- 
face band was removed and assessed for viability by trypan blue 
dye exclusion. The number of IgG bearing cells was determined 
by incubating the cells at 37°C with FITC conjugated rabbit 
anit-rat IgG and counting the number of fluoroscent labeled 
cells. Rabbit anti-rat IcG, normal rabbit IgG, and rabbit anti- 
chicken R3C were coupled to 0.5 mg the SpA microspheres (0.5 mg 
IgG/0.5 mg microspheres). Spenocytes (2 x 10 6 ) suspended in 
H3SS with 2.5% heat inactivated FCS were added to the 0.5 mg 
microspheres. In order to minimize the capping phenomenon and 
maintain viability, reaction mixtures were incubated for 2.5 
hours at 4°C. Cells with adherent microspheres were separated 
magnetically as described in Example II, and resultant super- 
natants were analyzed for total ceil count, viability, and fluore 
cence. The results are summarized in Table A. 
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Viability of unfractionatec ceils after centrif ugaticn 
in Ficoil-Hypecue was 96%. Supernatant cell viability after 
magnetic separation was 23%, demonstrating a minimal loss 
of viability. Between 4 7 to 51% of unfractionated splenocytes 
were IgG-bearing cells as determined by fluorescence micro- 
scopy. However, after magnetic separation of splenocytes 
in the experimental group, only 0.5% of the supernatant cells 
had detectable IgG on their surface, showing a highly enriched 
population of non- 1 gG-bear in g lymphocytes. 

• 

Antibody specificity was verified by demonstrating 
negligible depletion of IgC-bearing ceils following incubation 
of splenocytes with microspheres containing either normal rabbit 
IgG or anti-CRBC. Rat thymocytes, normally containing 4 to 6% 
IgG bearing lymphocytes , were totally depleted of. these cells 
after incubation* with microspheres coupled with anti-rat loG. * 

The sensitivity of the system was tested by serial 
dilutions of microspheres bearing rabbit anti-chicken RBC with 
the addition of 1 x 10 6 51 Cr CRBC at each dilution.. Incubation 
of microspheres and cells was carried out for 30 minutes at 
37°C. Cells with adherent microspheres were magnetically removed 
and both pellet and supernatant fractions counted for 51 Cr . ' 
Percent CRBC bound to the microspheres was linearly related to 
the amount of .microspheres present until microsphere saturation 
occurred. No less than 99% binding of 1 x 10 6 CR3C was observed 
when ^104 /ig of microspheres were used. 
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■footnotes to Table A 

.6 



U) 2 X 10 ceU,/0.2 nl H3SS . 2Si rcs , u( . h 

0.-5 m s aicro^er., bearing a,^. ss indicaM<s ^ 
r " CtiM =1 " a --« incubate* for 2.5 hour* « 4 . c . 
(» The percent of loc-beerinc ceUs not r e»oveo by Msnetic 
microspheres w - determined by incubate supernatant 
ceils with o.l » w eo» jB5 .ted raibit uiti . rai: 
for 20 ainutes at 37-c. *be mM of ^ 
^«in. c.U. „. ceteratnec by fluorescence -w ^ r . 

10 ,a " UM - ° ; «P.«t.d no.-t.G-be.rine " 

splenocyte. »as ;, m = „ -a,, .upernetent as cetera 
by tripUeat. count, in , he„oeyton««r of non-fluorese^ 



cells . 



(3) Between 44 to 5i% sf-?r*,^^ , 

starting splenocytes are IcG-bearing 

cells as de termined by fluorescence microscopy, £nd 4 fcQ 
6% of rat thymocytes are IgG-bearing cells as determined 
by the same method. 
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Magnetic albumin microspheres were prepared as described 
- Exa^le I, except that Protein A was omitted. The amount of 
albumin was correspondingly increased" so that the dry Serial 
used to form the microspheres was 81% albumin and U| ?e > Q 
Protein A can be applied to the microspheres thus formed' " 
described in Example V. 



as 
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Smg/ml Protein A in BBSS is prepared as a startinc 
solution. For the one step acueous carbodiimid. cousin.. ' 10 ^ 
of ZDC is added to 2C mc of either an acrylate polv ^ e _ „ 
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eatrix prede"rivatized with£ aniinocaproic acid, or 20 mg of 
albumin microspheres suspended in 10 mis of the starting 
Protein A solution and allowed to react for 4 hrs at 4°C 
with vigorous stirring. The coupling reaction is then 
terminated by addition *of 0.4* ml of 0.2 M glycine solution pE 
7.9. Unbound Protein A and un reacted" EDC is removed by washing 
4X in BBSS. The Protein A coated microspheres are then 
coupled to appropriate antisera by incubation of 2 mg of 
microspheres with 1 ml of antiserum at 37°C for 10 mins with 
slight agitation. The alternative coupling agent is 
glutaraldehyde 1.25% solution which is added tp 10 mis of £3SS 
solution *(pH 7.4) containing 50 mg Protein A and 20 mg of either 
albusdn microspheres or 20 mg of di aminohe p tane derivatized 
acrylate microspheres, allowed to react for 2 hrs at 37 °c with 
slight agitation. Unreacted Protein A and excess glutaraldehyde 
is removed by centrifugation washing 4 X with H2SS. Antibody 
is attached to microspheres as described above in prior examples. 
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CIAIMS 



1. A method for the separation of a select population 
of cells,- bacteria, or viruses from a mixed population thereof, 
in which microspheres containing magnetic particles are coated 
with a layer of antibodies which selectively bind to the select 
population, the coated microspheres are contacted with said 
mixed population so that said microspheres are bound to the 
select population, and said bound select po?ula--ion is magneti- 
cally separated from the rest of said mixed population, wherein 
the improvement comprises: prior to coating said microspheres 
with antibodies modifying the surfaces of said microspheres to 
provide staphylococcal Protein A distributed thereover in 
adherent relation to said microspheres, then contacting said • 
microspheres with antibodies which bind to Protein A and which 
also bind selectively to said select population, whereby said 
antibodies are arranged in oriented attachment on the surfaces 
said microspheres with their Fab arms extending outwardly, and 
thereafter carrying out the rest of the steps of said method. 

2 . The method of claim 1 in which said microspheres 
are formed of a polymer matrix material in admixture with said 
magnetic particles and said Protein A*. 

3. The method of claim 2 in which said matrix material 
is albumin and said microspheres contain from 2 to 40 parts by 
weight of Protein A per 100 parts of albumin. 

4. The method of claim 1 in which said Protein A is 
chemically-bonded to the exterior surfaces of said microspheres. 

si 
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5. Microspheres for magnetically sordine of cells, 
bacteria, or viruses, comprising microspheres formed from 
an amino acid polymer matrix material in admixture with 
staphylococcal Protein A, and being of a size from 0.2 to 
100 microns diameter, said microspheres containing from 2 to 
<0 parts by weight of said Protein A per 100 parts of said 
amino acid polymer and said Protein A being present in the 
exterior surfaces of said microspheres for antibody binding, 
said microspheres also containing magnetic particles of a size 
from 100 to 20,000 Angstroms and in an amount sufficient to 
make said microspheres magnetically- responsive . 

6. The microspheres of claim 5 in which said amino 
acid polymer is albumin, 

7* The -microspheres of claim 5 or claim 6 in which 
said Protein A is present in an amount of fron: 10 tc 20 parts 
by weight per 100 parts of said amino acid polymer. 

S. Microspheres for magnetically sorting of cells, 
bacteria, or viruses, comprising microspheres formed from 
an aqueous mixture of albumin, staphylococcal Protein A, and 
magnetic particles, said microspheres -having an average 
diameter of from 0.5 to 2.0 microns, and containing from 
2 to 40 parts of said Protein A per 100 parts of said albumin 
and said Protein A being present in the exterior surfaces of 
said microspheres for antibody binding, said magnetic particles 
being of a size not over 30 0 Angstroms and being present in an 
amount sufficient to make said microspheres magnetically- 
responsive. 
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9. A* aicrospheres f clai« a i„ which said aagnetic 
particle> are Fe 3 0 4 and are P reseht in tt ^ of ^ „ 
ISO parts by weight per 100 parts of said albumin. 

- 10. The »icrospheres of clai* a or clai» , * which 
said Protein A is present in an a^ t of £roa 1Q tQ 35 ^ 
by weight per 100 parts of said albumi*. 

, * TOth0d aCCOrdin « * 1 .in which iicro- 

aphere^as defined V any of class's to la .' 
• , • . *°*" s 5 to «0, are enployed. 
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